Summary: The perinatal mortality rate (PNMR) was calculated for each rural parish in Gloucestershire for the years 1968-79. The characteristics of high-and low-rate parishes (each set comprising about 10% of all births) were contrasted according to routinely recorded fetal, maternal and environmental variables. The overall PNMR in the high-rate set was six times higher than in the low-rate set; congenital malformations and low birth weight distribution could explain about one-third of this difference but the residue was not attributable to fetal gestation, maternal age or parity or social class as may have been expected. However, there was a strong association with population and housing density. It is suggested that comparisons within districts may provide more sensitive associations with PNMR than comparisons between districts, regions and countries.
Introduction
In community medicine, watching vital statistics may be an unexciting routine. Unexpected patterns and variations appear sometimes for just long enough to arouse curiosity, and then vanish again on closer scrutiny; occasionally they persist, but deny us the satisfaction of either explanation or disproof.
The study, of which this is a preliminary report, grew in search of an explanation for significant geographic variations in stillbirth rates, aggregated over ten years, in four subareas of Gloucestershire. These findings suggested a wider spatial variation than expected and led to a more detailed analysis of perinatal mortality throughout the county.
Geographic variations in perinatal mortality between districts, regions and countries have been documented and debated for many years. Among large populations, these variations have been associated largely with routinely recorded attributes of the fetus, the mother, health services or the social and physical environment. This study attempted to apply the same principles to much smaller populations.
Method
The data were handled in two stages -firstly in relation to individual parishes, and then in aggregated clusters with high and low perinatal mortality rates.
Since 1968, the child health computer in Gloucestershire has recorded birth data, including the parish of residence. Many of the original codings of residence were found to be in need of correction, a task so complex for urban areas that the towns of Cheltenham, Cirencester and Gloucester were eventually treated as single parishes. This gave a total of 249 parishes in the county, as defined in 1974.
Thus transferring children from the pre-school to school registers, so it was not possible to differentiate between general practitioner and consultant confinements either in central or in isolated units. Parish figures were taken from the 1971 census for persons per hectare and persons per room. Parishes were also classified according to whether 50% or more households were in professional (SEGs 1, 2, 3, 4, 13) or unskilled (SEGs 7, 10, 11, 15) socioeconomic groups.
Eleven of the total of 249 parishes had perinatal mortality rates (PNMRs) significantly higher (P = < 0.01) than the county mean (15.1 per 1000 births) ranging from 114.3 among 35 births to 27.2 among 735 births. If these rates achieved a higher significance (by chisquared test) when combined with rates from adjacent parishes, the latter were progressively included. Seven spatial clusters thus emerged, involving 54 parishes and 7199 total births.
Many parishes had no perinatal deaths. These parishes were aggregated with adjacent low-rate parishes so that one large spatial cluster emerged with an overall rate of 4.7 per 1000 births, involving 106 parishes and 7205 total births.
To test the assumption that the differences in PNMR between the clusters would be reflected in the fetal, maternal and environmental variables, the total of high-rate clusters (hereafter called the 'high set') was compared with the low-rate cluster ('low set').
Results
Each set represents approximately 10% of all births in the county during the period 1968-79. Comparison of vital statistics (Table 1) shows a six-fold difference in rates for stillbirths and early neonatal deaths between the two sets -an absolute difference of 179 perinatal deaths.
Comparison of fetal factors (Table 2) shows that differences in gestation or multiple births are not significant, but low birth weight and major congenital malformations are. If the birth weight specific perinatal mortality rates for England and Wales in 1977 had applied to the two sets, the expected rates would have been 19.0 and 15.5 per 1000 (compared with 
Discussion
Foremost among a variety of potential sources of bias in the study so far is the method by which the high and low sets were identified. In retrospect, a direct comparison of all highrate parishes with all low-rate parishes (ignoring spatial distribution at this stage) may have avoided the problems of allocating parishes to contiguous clusters on the basis of mortality rates which are subject to considerable random variation. Also the residual of unexplained difference in mortality rates would be better defined by standardizing for known variables. However, despite this methodological inelegance, the demonstration of large differences in perinatal mortality among relatively similar populations is unexpected and largely unexplained. Specific variables are discussed as factors relating to the fetus, the mother, health services and environment.
The principal fetal factors appear to be the incidence of low birth weight (McIlwaine et al. 1979 , MacFarlane et al. 1980 , Chamberlain 1979 , and congenital malformations (Gordon Mutch et al. 1981 ) which may themselves be associated with multiple births and prematurity in terms of gestation. In this study, the incidence of multiple births and distribution of gestation did not show significant variation between the high and low sets. However, if the two sets had been subject to the national birth weight specific mortality rates for 1977, an excess of 25 perinatal deaths would be expected in the high set due to the excess of births under 2501 grams. If all the major malformations had been lethal and independent of birth weight (an extreme assumption), a further excess of 35 deaths would be expected in the high set. Thus, low birth weight and malformations might predict up to 60 of the observed excess of 179 deaths. Statistics of maternal attributes suggest that parity and age are associated with perinatal mortality (Davies 1980 , Chamberlain et al. 1975 , Chamberlain 1979 ; clinical studies implicate a variety of maternal factors such as personal habits (e.g. smoking) and previous history (e.g. diabetes), but these are not recorded in routinely collected population data and were not therefore available in this study. However, it is interesting that maternal, age and parity did not differ significantly between the high and low sets.
It would seem reasonable to suppose that medical care provided to the pregnant mother, and to her offspring in the first week of life, is also a determinant of the perinatal mortality rate. Antenatal, obstetric and neonatal services have been analysed both in general, comparing outcomes with various methods of care (Illingworth 1979 , Chamberlain et al. 1975 , Butler & Bonham 1963 , Bakketeig et al. 1978 , Chamberlain et al. 1978 , Kitzinger & Davis 1978 , and in specific units (Ludkin 1961 , Taylor et a!. 1980 ) in relation to perinatal mortality. Although these demonstrate variations in survival, few have conclusively shown to what extent this is due to medical care rather than to other personal or social factors. In view of the ethical problems involved in carrying out such studies, there is a general absence of randomized controlled trials to evaluate the components of obstetric and perinatal care. In general, it is unfortunate in retrospective studies that routinely held statistics have not, until recently, included the provision of antenatal and post-partum care. And in this particular study, relevant data on deliveries by general practitioners and in peripheral units had been recorded but were subsequently deleted from the computer files. However, the consistence of the difference in rates both pre-and post-partum does not implicate the provision of service in any specific phase of the final trimester or puerperium. This might suggest that the associated factor or factors are effective either prior to this stage, or consistently during it.
Although there is disagreement on the most appropriate indicators of social class, there is a consistently steep gradient linking low socioeconomic status with high perinatal mortality in all indices (Davies 1980 , Chamberlain 1979 . The same is generally true also of death rates specific to causes such as neural tube defect (Williamson 1965 , Pleydell 1960 , birth injury (Adelstein et al. 1976 ) and spontaneous abortion (Hemminki et al. 1980) . To some extent this association may be explained in terms of poor education and housing, smoking habits and parity. Lack of adequate home provision due to poverty may be a common factor, and this may be the explanation of the consistent international correlation between gross national product and perinatal mortality (Chamberlain 1979) . Population density has been shown to correlate positively with incidence of neural tube defects (Pleydell 1960 , Laurence et al. 1967 . Low uptake of antenatal services, premature labour and difficulty in establishing dates for delivery are also common among the lower social classes (Illingworth 1979) .
The finding that in this study three times as many parishes in the low set contained predominantly 'unskilled' households compared with the high-rate sample is contrary to the marked social class gradient usually demonstrated in larger populations. Although socioeconomic groups are estimated from a 10% sample of the total census population, and are attributed to households rather than individuals, such a reversal is hard to explain. One possibility, consistent with these findings, is that perinatal mortality is closely associated with housing (as reflected in number of persons per room) rather than with either social class or socioeconomic group. Density of population (either per house or per hectare) has previously been shown to correlate positively with neural tube defects (Pleydell 1960 , Laurence et al. 1967 ) and with perinatal mortality generally (Ashford & Riley 1975) .
Conclusions
Issues such as these are unlikely to be resolved by shoe-string epidemiology. But it does appear that analysis of small area statistics may be a rewarding source of questions, if not answers, about perinatal mortality -and may deserve the limited resources required to pursue it.
In particular, this study implies that, within a county, variations in rates may be found which are at least as great as those known to exist between counties; that factors which generally 'explain' inter-county variation may be less applicable at local level; and that, in small areas, these factors may be less important than other unspecified but potent local effects.
Possible future lines of this local enquiry include updating the perinatal data to 1983, adjustment of parish mortality rates for associated factors and inclusion of further variables relating to parish environment (such as further census details, pollution and geophysical characteristics). Observations on the choice of variables, or on similar studies of PNMR in small areas, may be helpful and would be appreciated.
